Abstract. To determine the magnitude of Plasmodium vivax relapsing malaria in rural Amazonia, we carried out a study in four sites in northeastern Peru. Polymerase chain reaction-restriction fragment length polymorphism of PvMSP3a and tandem repeat (TR) markers were compared for their ability to distinguish relapse versus reinfection. Of 1,507 subjects with P. vivax malaria, 354 developed 1 episode during the study; 97 of 354 (27.5%) were defined as relapse using Pvmsp-3a alone. The addition of TR polymorphism analysis significantly reduced the number of definitively defined relapses to 26 of 354 (7.4%) (P 0.05). Multivariate logistic regression modeling showed that the probability of having 1 infection was associated with the following: subjects in Mazan (odds ratio [OR] = 2.56; 95% confidence interval [CI] 1.87, 3.51), 15-44 years of age (OR = 1.49; 95% CI 1.03, 2.15), traveling for job purposes (OR = 1.45; 95%CI 1.03, 2.06), and travel within past month (OR = 1.46; 95% CI 1.0, 2.14). The high discriminatory capacity of the molecular tools shown here is useful for understanding the micro-geography of malaria transmission.
INTRODUCTION
An estimated 2.6 billion people live in areas endemic for malaria caused by Plasmodium vivax 1 where this parasite is responsible for a substantial burden of disease accounting for at least 70-80 million clinical cases yearly. [2] [3] [4] [5] Plasmodium vivax is the most common form of malaria in the Amazon region [4] [5] [6] ; in Peru, 32.5% of the population is at risk for malaria and P. vivax is responsible for 70-90% of cases in the Peruvian Amazon, with Plasmodium falciparum accounting for the remainder. 7 Plasmodium vivax and P. falciparum malaria transmission is characterized in the Peruvian Amazon region as low transmission. Older surveys have found 9.8/1,000 Anopheles spp. vector mosquitoes positive for Plasmodium species, with Anopheles darlingi being the primary vector in the Amazon region. 8, 9 Mixed infections with P. falciparum and P. vivax are uncommon, 10, 11 and asymptomatic malaria parasitemia is present in 3-5% of cross-sectional smears. 12 Published entomological inoculation rates have been reported to range from 0.5 (0.2, 0.8) to 2.5 (1.0, 3.9). 8, 13 Control of vivax malaria at the public health level is complicated by the parasite's unique biological features: early gametocytogenesis, relapsing liver stages, and a wider geographic range caused by tolerance of different climatic conditions. 2 Tools to delineate and quantify P. vivax relapses occurring in vivax-endemic regions are key to differentiating relapse from re-infection and to allow for the quantification of the burden of this phenomena, which is known to cause a cumulative lifetime malaria experience of 10-30 episodes. 2 The biology of P. vivax relapse remains poorly understood and is an important obstacle to the public health control of P. vivax malaria. [14] [15] [16] Genetic markers have been assessed to discriminate between P. vivax infecting strains. Some of the genes identified for this purpose include genes for the circumsporozoite protein (PvCSP) and merozoite surface protein-1 (PvMSP-1), 17 apical membrane protein-1 (PvAMA-1), and merozoite surface protein-3α (PvMSP-3a) 18 ; recently, tandem repeat (TR) polymorphism markers 19 and microsatellite methods have been used for this purpose. [20] [21] [22] The MSP-3a of P. vivax has a molecular weight ranging from 148 to 150 KD, an alanine-rich central domain, and a series of heptad repeats predicted to form a coiled-coil tertiary peptide structure. The TR markers are on a 100 kb chromosomal fragment that includes the P. vivax circumsporozoite gene, which is under selective immune pressure and thus is a highly dynamic area of the chromosome. In this study, we used polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) of PvMSP-3a (enzymes Hha1 and Alu1) and PCR of nine TR markers. Because of extensive polymorphisms in these markers, it is unlikely that a parasite causing a new infection would possess an identical genotype; the probability of this being the product of individual allele frequencies of each allele of the genes.
This study was designed to test the hypothesis that recurrences caused by relapse are less common than recurrences caused by reinfection. In addition, we explore if a higher level of resolution of P. vivax infecting strains during initial and subsequent infections could be carried out by comparing PvMSP-3a PCR-RFLP versus TR polymorphism analysis in parasites from an initial versus a subsequent P. vivax infection, hence allowing relapses to be distinguished from new infections. Such analysis is the key to understanding the transmission dynamics and role of human movement in the maintenance and spread of P. vivax in endemic regions.
MATERIALS AND METHODS
Human subject approvals. All patients provided written informed consent to be enrolled in this study, which was Study sites and duration of follow-up. The field activities of this study were carried out from 2005 to 2008 in northeastern Peru, in the area near the city of Iquitos in the province of Maynas, the capital of the Amazon Department of Loreto. Considering the region's geographical isolation from the rest of Peru, health services within the surrounding areas of Iquitos are relatively good and accessible. Four health posts provide medical services to the study villages ( Figure 1 ) described as follows. The Santo Tomas health post is located 16 km from Iquitos with a catchment area of 2,650. The San Jose de Lupuna health post is located 10 km from Iquitos and accessible only by the Nanay River, has a catchment area of 1,250. The Padrecocha health post is located 6 km from Iquitos, is accessible only by the Nanay River, and has a catchment area of 1,800. The Mazan health center is located 50 km northeastern from Iquitos and has a catchment area of 8,000. The duration of follow-up was as follows: 16 Blood sampling. Blood samples were collected from patients diagnosed by conventional light microscopy, on site, at the Peruvian Ministry of Health posts according to national norms. Patients identified as infected with only P. vivax (microscopy only) were invited to participate in the study. At each enrollment site, venous blood was collected in EDTA Vacutainer tubes (Becton Dickinson, Franklin Lakes, NJ) and taken to the field project laboratory where samples were aliquoted and frozen at −20 C. Samples were shipped on dry ice to Universidad Peruana Cayetano Heredia, in Lima, where they were stored frozen at −20 C until used for molecular analysis.
Molecular confirmation of P. vivax infection. The DNA was extracted from 200 μL of thawed anticoagulated whole blood using the Qiagen Blood Kit (Qiagen, Valencia, CA). Fourteen PCR assays numbered from PCR1 to PCR14 were carried out ( Table 1 ). The diagnosis of non-mixed P. vivax infections was confirmed in all patients using genus and species-specific nested PCR assays 12 ; samples with mixed infections were omitted from the analysis. The PCR 1, part of a nested PCR (an 18S ribosomal RNA gene fragment specific for genus Plasmodium was used, and a 1,200 basepairs (bp) fragment, allowed for Plasmodium genus-level identification. Identification of P. vivax, and P. falciparum species was done using PCR2 (a 120 bp fragment specific for P. vivax), and PCR3 (a 205 bp fragment specific for P. falciparum), respectively.
Molecular genotyping assays. Genotyping of P. vivax isolates was performed using two methods: 1) PCR-RFLP analysis of the P. vivax merozoite surface protein-3alpha (PvMSP3a) gene 17, 18, 23 ; and 2) a PCR assay based on nine previously published tandem repeat (TR) polymorphism markers 19, 23 and recently validated in Peru. was used 18 consisting of a nested PCR (PCR4 and PCR5) where a polymorphic fragment of the PvMSP-3a gene was amplified followed by PCR-RFLP (Alu1 and Hha1) as previously described (Table 1) . 23 TR polymorphism analysis. We used nine primer pairs previously designed from a 200 kb contiguous DNA segment of 5 P. vivax strains from different parts of the world, 19 syntenic to P. falciparum chromosome 3. We selected these nine primer pairs based on preliminary studies of seven different samples from different areas of the Peruvian Amazon; the other 24 primer pairs tested did not yield at least two alleles. 23 No TR primer pair amplified DNA from either human or P. falciparum. 19 The 5 μL of DNA extracted from 200 μL of whole blood and 0.5 μL of primer (Invitrogen, Carlsbad, CA) was added to the PCR mix. The TR markers used in this study were as follows: MN3, MN4, MN12, MN17, MN23, MN24, MN25, MN26, and MN29 ( Table 1) . The PCR electrophoresis and size quantification was done as previously described. 23 Case definition and data analysis. Recurrence was defined as any subsequent infection regardless of any genotyping pattern. To determine the relapse or reinfection status of all recurrent episodes, the following steps were followed: First, all PvMSP3-a PCR-RFLP patterns of the reference and subsequent infections were identified. Second, the identical patterns from the previous step were analyzed through TR markers using a tolerance of 5% on band sizes as previously described. 23 Relapse was then defined as identical patterns after applying steps 1 and 2 in that order. Reinfection was defined as a difference in reference versus subsequent infection parasites after applying steps 1 and 2. No comparisons were done when mixed or composite infections.
The reference was the primary infection for all subjects with 2 episodes. In the case of 2 episodes, we compared all episodes with the previous ones and if an episode met the criteria then a relapse was considered. On the other hand, because most of the subjects had a past history of vivax malaria, this is true that there would be a relapse of a parasite population that has not been typed because the primary infection has occurred before the study started. Statistical analysis. Data were analyzed using SAS v.9.1 (SAS, Cary, NC). The significance level for statistical tests was set at P 0.05. The risk of recurrence, relapse, and re-infection were estimated using Kaplan-Meier survival analysis. The Cox proportional hazard model was to compare survival functions when assumptions were met.
RESULTS
Enrollment, baseline characteristics, and P. vivax recurrence rates. After a baseline health assessment, 1,507 subjects with Table 2 Baseline characteristics of study subjects: total enrollees, enrollees who developed one episode, and enrollees who developed 1 episode, by study sites (proportion of each cell per row are in italics)* Table 2) . Recurrences of P. vivax infections after chloroquine (CQ)-primaquine (PQ) treatment were relatively common in the Peruvian Amazon. Despite the provision of standard therapy for P. vivax including CQ and PQ (0.5 mg/kg/day for 7 days) for all patients according to Peruvian Ministry of Health policy, during the study period, 354 out of 1,507 subjects (23.5%) developed at least one subsequent vivax malaria episode. Of these, 274 developed 1 subsequent episode, 60 developed 2 subsequent episodes, 15 developed 3 subsequent episodes, 4 developed 4 subsequent episodes, and 1 subject developed 5 subsequent episodes. The proportion of subjects who remained free of recurrence at the end of the follow up were 75.8% in San Jose Lupuna, 77.6% in Santa Tomas, 61.8% in Mazan, and 88.6% in Padrecocha (Table 2) . Overall, there was a significantly higher risk of recurrences in Mazan compared with other villages (Santo Tomas, San Jose de Lupuna, and Padrecocha) (χ 2 = 54.6, 1 degrees of freedom [df], P 0.0001). Such differences were caused by differences in reinfection rates (χ 2 = 18.95, 1 df, P 0.0001) rather than relapse rates (χ 2 = 0.17, 1 df, P = 0.68), which is expected provided that treatment is identical and that directly observed therapy was deployed in study sites.
PCR-RFLP and TR analysis of the Pvmsp-3a gene. The Hha I and Alu I PCR-RFLP assays showed easily distinguishable restriction patterns in all samples. The PCR-RFLP patterns showed 500-600 bp for Alu I digests and the largest fragments between 950-1,100 bp for Hha I digests. These fragments and the smaller ones from 150-750 bp were analyzed by RFLP.
The RFLP analysis of MSP3-α PCR fragment produced 15 patterns after Hha I digestion (Table 3) . From these 15 patterns, patterns 5, 11, 12, 14, and 15 were complex patterns; therefore, considered as mixed or composite P. vivax parasite samples, not unique patterns, because the sum of the restriction fragments exceeded the size of the primary product. Therefore, based on restriction patterns from digestion of PCR products with Hha I, 10 allele variants have been detected among the 354 patient-isolates ( Figure 2 , Table 3 ).
The RFLP analysis of PvMSP3-a PCR fragment produced 14 patterns after Alu I digestion. From these 14 patterns, patterns 6 and 10 were complex patterns; therefore, 1  Allele 1  1070  431  275  207  2  Allele 2  1070  530  275  236  3  Allele 3  1070  275  223  4  Allele 4  1070  500  431  5  Complex  1070  530  431  275  223  6  Allele 5  1070  223  7  Allele 6  1070  431  275  223  8  Allele 7  1070  385  275  188  9  Allele 8  1070  475  275  204  10  Allele 9  1070  343  275  223 considered as mixed or composite P. vivax parasite samples, because the sum of the restriction fragments exceeded the size of the primary product. Therefore, based on restriction patterns from digestion of PCR products with Alu I, 12 allele variants have been detected among the 354 patientisolates ( Table 4) .
The overall diversity of P. vivax was determined on the basis of TR genotyping for the primary samples obtained from all study villages. The genetic diversity of each TR locus was 0. Recurrences of P. vivax. Of the 1,507 subjects enrolled with P. vivax malaria infection, 354 (23.5%) developed more than one vivax malaria episode; 1,153 subjects did not have another vivax malaria episode during the period of the study. Regarding the ability to differentiate between P. vivax genotypes, TR polymorphism analysis differentiated a higher proportion of subsequent infections than PCR-RFLP analysis alone (P 0.05).
The odds of those enrolled with 1 episode of P. vivax malaria, having increased lifetime malaria cases, compared with those who were enrolled with only one episode of P. vivax malaria, were 1.1 times higher for subjects within 5-14 years of age (P 0.05) (95% CI 1.03, 1.19), and 1.05 times higher for subjects within 15-45 years of age (P 0.05) (95% CI 1.01, 1.08) ( Tables 6 and 7 ). The odds of developing 1 episode of P. vivax malaria whether caused by relapse or reinfection were 2.6 times higher in the more remote village of Mazan than in villages closer to Iquitos (P 0.001) (odds ratio [OR] = 2.6, 95% confidence interval [CI] 2.0, 3.4). There was no difference in age, gender, level of education, and time living in the village with respect to the odds of developing a subsequent vivax episode (Table 2) . Significantly, occupationrelated travel from a village (self-reported by the subject) was associated with a 2-fold elevated odds of developing more than one vivax malaria episode (whether caused by relapse or reinfection) during the study period (OR = 2.0, 95% CI 1.5, 2.6; P 0.05) ( Tables 2 and 8) . People who developed a recurrent vivax malaria episode during the period of the study had a significantly higher median number of cumulative lifetime total of self-reported malaria cases than people who only developed one vivax episode in the study period (P 0.001) ( Table 2 ).
The odds of developing 1 episode of P. vivax malaria, whether caused by relapse or reinfection, were 2.6 times higher for subjects who had traveled in the prior month to any of their last four malaria episodes than in subjects without such travel (P 0.05) (95% CI 1.9, 3.6) ( Tables 2 and 8 ). The odds of developing 1 episode of P. vivax malaria, whether caused by relapse or reinfection, were 2.5 times higher for subjects who had traveled 10 Km and 3 days in the prior month to episode than in subjects without such travel (P 0.05) (95% CI 1.8, 3.5) (Tables 2 and 8 ). Household variables (exterior/interior wall materials, locations of kitchen, roof material, number of bed nets per bed, possessions) were found not to be different in any comparison between subjects with only 1 episode, subjects with 1 episode, subjects with relapse, and subjects with reinfection) (Table 8) . Multivariate logistic regression modeling probability of 1 infection during study period showed that odds for subjects in Mazan (OR = 2.56), 15-44 years of age (OR = 1.5), traveling for job purposes (OR = 1.5), with increased lifetime malaria cases (OR = 1.1), and who traveled in the month before the malaria episode (OR = 1.5), were significantly higher than subjects without such profile (95% CIs 1.9, 3.5; 1.03, 2.2; 1.03, 2.1; 1.04, 1.1; 1.0, 2.1, respectively) ( Table 9 ). *Alleles were considered the same if molecular weights were within 5% of the band size. †Indicates the most common allele for that locus. ‡Frequency of most common allele for that locus. §Genetic diversity was assessed by measuring expected heterozygosity (He: chance of drawing 2 different alleles from a population sample) by use of the formula H = n/(n-1)(1-Σp i 2 ), where p is the frequency of the ith allele and n is the sample size.
Timing of P. vivax recurrences. The median time interval between laboratory-confirmed P. vivax infections was 258.6 days in Santa Tomas, 244.5 days in San Jose Lupuna, 230.7, and 131.7 days in Mazan. More than a half of the recurrences were diagnosed up to 240 days: 54% in Santa Tomas, 60% in San Jose Lupuna, 56% in Padrecocha, and 85% in Mazan. Most of the recurrences were diagnosed up to 365 days after drug treatment: 72% in Santa Tomas, 75% in San Jose Lupuna, 74% in Padrecocha, and 97% in Mazan. Only five recurrences (two of them in Mazan, and one in each of the other sites) were diagnosed up to 28 days after treatment, and only one out of these five recurrences was found to be a relapse.
Comparison of relapse versus re-infection using PCR-RFLP versus TR markers. The median number of times having traveled in the month previous to vivax malaria diagnosis was significantly higher in subjects who developed re-infections compared with the ones who relapsed with an identical genotype (P 0.05) ( Table 6 ). Regarding developing a subsequent relapse or re-infection, there was no difference between people who reported traveling further than 10 Km and for 3 days in the month before diagnosis and people who did not travel (OR = 2.2, 95% CI 0.9, 5.4; P = 0.38) ( Table 6 ). Regarding developing a subsequent relapse or re-infection, there was no difference between people who travel out of village for work and people who do not (OR = 1.0, 95% CI 0.4, 2.5; P = 0.39) ( Table 6 ). Of 814 infections, the different rates of multiple P. vivax genotypes were: 131 (16.1%) by TR-PCR, 37 (4.5%) by PvMSP-3a PCR-RFLP, and 153 (18.8%) if both typing schemes were used together.
Comparison of time intervals to relapse and to re-infection in all villages together. Using only PvMSP-3a markers, the risk of relapse was 1.5 higher than the risk of re-infection (rate ratio [RR] = 1.5, 95% CI 1.2, 2.0; P 0.05). Adding TR markers, the risk of relapsing was 1.7 higher than the risk of a re-infection (RR = 1.7, 95% CI 1.2, 2.5; P 0.05) ( Figure 5) .
Comparison of time intervals to relapse and to re-infection in Mazan. In Mazan, using PvMSP-3a markers, the time to relapse versus re-infection showed a strong but not significant trend and was borderline not different (RR = 1.4, 95% CI 1.0, 2.0; P = 0.06). Adding TR markers, similar results were found (RR = 1.6, 95% CI 1.0, 2.7; P = 0.07).
Comparison of time intervals to relapse and to re-infection in the other villages. In the non-Mazan villages, which are demographically different than Mazan, PvMSP-3a markers indicated that time intervals between relapse and re-infection were borderline significantly different. The relative risk of relapse was 1.47 times higher than re-infection (RR = 1.47, 95% CI 1.11, 1.94; P 0.05). Adding TR markers, the risk of relapse was not different than the risk of a re-infection (P = 0.18).
Comparison of time intervals to relapse in Mazan versus the other villages. People in Mazan were 2.4 times more likely to develop a recurrent vivax malaria caused by relapse (not caused by re-infection) than people in the other villages of the study (RR = 2.4, 95% CI 1.1, 5.5; P = 0.03).
DISCUSSION
In a large, prospective study of P. vivax infection in diverse transmission settings in the Peruvian Amazon, the use of new molecular tools identified a high diversity of P. vivax parasites. Furthermore, combining the use of these molecular tools with socio-demographic analysis delineated a differential risk of relapse versus re-infection in distinct microgeographical settings within the Loreto region. These data are important to guide future surveillance and malaria intervention and control efforts not only in Peru but globally.
Molecular comparison of P. vivax parasites associated with relapses and those associated with the respective primary infections has been reported previously in a small number of patients: 6 patients in Canada who had acquired the infection in different areas of endemicity, 16 10 patients in Brazil, 24 and five patients in Thailand. 25 Parasite diversity was assessed using molecular markers in the first two studies (pvcs and pvmsp1, and pvmsp-1 alone, respectively), whereas a panel of monoclonal antibodies was used in the third study. Although it was concluded that parasites associated with primary infection and those associated with relapse are usually of a similar genetic composition, evidence for novel genotypes in P. vivax associated with relapses was obtained for Of those who traveled in past month, number of trips (N = 76) 0.3200 24% of the patients (one of six patients in Canada, 18 2 of 10 patients in Brazil, and 2 of 5 patients in Thailand. 25 Another study showed relapses in 107 subjects (28 [78%] in Thailand, 55 [73%] in Myanmar, and 24 [63%] in India) with recurrent infections harboring none of the parasites that caused the primary infection; and concluded that activation of heterologous hypnozoite populations is the most common cause of first relapse in vivax malaria. 14 This study was carried out to assess relapse versus reinfection in the Amazonian hypoendemic malaria setting by combining two molecular tools to characterize multiple episodes of vivax malaria. Given the high degree of internal mobility of people in the region, well-validated tools to determine the microgeographic characteristics of P. vivax geospatial transmission dynamics within the region will be essential for future malaria control efforts.
Previous studies have used molecular markers to distinguish relapse from reinfection but failed to take into account the field context of travel, comparison of villages, etc. Low transmission intensity but with high diversity is also an important finding of our study. Although some recrudescences could result from inadequate drug absorption or unusual disposition kinetics, recurrent infections in this study were newly acquired infections or relapses. 26, 27 The Pvmsp-3a polymorphism analysis has been an important molecular epidemiological tool for distinguishing P. vivax infections in malaria-endemic areas. 18, 28, 29 This study used Pvmsp-3a PCR-RFLP and TR-PCR analysis as tools for differentiating primary from subsequent P. vivax infections. We found that the TR markers alone and in combination with the independent Pvmsp-3a locus were more highly discriminatory.
The TR markers used in this study are on a highly dynamic 100 kb chromosomal region where selective pressure is thought to be exerted because of the presence of the Pvcsp gene. Despite vivax malaria being hypoendemic at the population level in the Peruvian Amazon, considering that our study was done in a limited geographic area and time frame, in contrast to previous reports, 21, 30, 31 our findings are consistent with a relatively high degree of P. vivax diversity in the Peruvian Amazon villages near to Iquitos city.
By Pvmsp-3a PCR-RFLP analysis, 12 different allelic variants were detected using the AluI PCR-RFLP and 11 Figure 5 . Comparison of recurrent survival functions for relapses (green solid line) and re-infections (red solid line) genotyping outcomes. Survival analysis techniques were used to compare the time interval for recurrent infections in relapsing and re-infection episodes, (A) Based on Merozoite Surface Protein-3α (MSP-3α) only and (B) adding the tandem repeat (TR) markers. In both cases the difference was statistically significant (P 0.05) meaning there is a significant difference in the two survival recurrent functions when compared using either MSP-3α only or both MSP-3α/TR markers. Cox proportional hazard regression model. allelic variants using HhaI. Using TR polymorphisms to analyze the same samples, a much greater degree of diversity was found allowing for greater discrimination within the patient groups. These data indicate that even within a region of hypoendemicity where little parasite outbreeding might be present, TRs are more useful and sensitive than the Pvmsp3a markers. Previous studies have concluded that in some regions P. vivax populations emerging from hypnozoites commonly differ from the populations that caused the acute episode and that activation of heterologous hypnozoite populations is the most common cause of first relapse in patients with vivax malaria. 16 Our data are consistent with this finding, because some of the apparent re-infections we found could be caused by relapse of a different clone acquired at the time of a primary infection or even afterward. Therefore, there is an inherent limitation of molecular epidemiological methods to differentiate infecting strains of P. vivax, highlighting the need of further understanding of the nature of relapses 32 and the development of alternatives to PQ for radical treatment of hypnozoites. 33 We have shown that by adding more polymorphic markers into the analysis, the proportion if identical genotypes may be even lower than what we found with msp3-alpha. For example, a similar study in Brazil 34 has found very few 14-marker haplotypes in recurrent P. vivax infections using microsatellite typing. In this study, we considered a 5% tolerance in band sizes for TR markers to consider the possibility that relapsing parasites may be a minor, genetically different parasite clone that could have missed when typing parasites at the reference infection. Moreover, as shown in previous studies, we found 101 distinct molecular profiles among 110 patients 2 meaning that here is a high degree of P. vivax diversity as demonstrated by our pool of TR markers, 23 therefore, this is very unlikely that non-related parasites may have been considered identical after applying our 2-step tool of genotyping.
Relapse versus re-infection depending on socio-demographic context has important policy implications. An important finding arising from this study is that people in a rural area of the Peruvian Amazon remote from the main city of Iquitos (Mazan) were significantly more likely to develop a subsequent episode caused by relapse (not to re-infection) than people in other villages where the socio-demographic context is different. Peruvian Ministry of Health policy indicates that anti-malarial drug therapy is to be directly observed. We suspect that the higher mobility of the more rural population (i.e., travel away from village for occupational reasons such as logging and forest extraction activities) make it likely both that patients might not receive the standard anti-P. vivax treatments compliantly, and also that this group of people might more likely to be re-infected. Other possible explanations of such phenomena could also be that relapse is stimulated by some activities or mechanisms related to the places where people travel or by mosquito bites.
In 2001, adherence problems to PQ led the Peruvian National Malaria Control Program to shorten the length of the treatment from a 14-to 7-day PQ course, but increasing the daily dose from 0.25 to 0.5 mg/kg/day. It was reported at the ASTMH 58th Annual Meeting that 7 days of PQ plus CQ proved as effective as the usual 14-day regimen. Another study by Solari and others 35 during 1998-1999 found there was no difference between 7 days (10%) and 14 days (6.6%) of PQ. In this study, we found only 5 out of 354 subjects (1.4%) who experienced a recurrence during 28 days after treatment and no clinical resistance to malaria; therefore, we think resistance is not a problem with current treatment but drug resistance surveillance and research for new drugs are needed.
The data presented here showed an unexpectedly high proportion of infections caused by more than one parasite genotype. This is particularly remarkable given our current knowledge of transmission intensity and entomological inoculation rates in the Loreto region, and suggests that we lack critical knowledge of the micro-geography of malaria transmission at the actual places where people acquire their P. vivax infections. When two or more different genotypes or clones co-infect an individual or mosquito, cross-strain fertilization and genetic recombination are more likely to occur; therefore, it is quite possible that there is a higher risk subpopulation that makes a disproportionate contribution to the generation of high P. vivax genetic diversity. The present molecular epidemiology study and its development of high resolution tools provide new insights into the relationship of socio-demographic characteristics of malaria transmission dynamics in a low transmission/malaria hypoendemic region.
